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1
FINDING TIME-DEPENDENT
ASSOCIATIONS BETWEEN COMPARATIVE
EFFECTIVENESS VARIABLES

BACKGROUND

Generally, large-scale electronic medical record systems
are known to offer a wealth of data for comparative effective-
ness research and clinical decision support. Rich data in such
systems include information about diagnosis, demographics,
vitals, diagnostic exams and tests, treatment history and out-
comes of patients which can be used to explore many scien-
tific questions.

One such question involves finding statistically meaning-
ful co-morbidity relations between diseases using statistics
from the population. Traditionally, co-morbidities have been
studied through targeted research on candidate disease pairs,
such as heart disease with diabetes within population of
patients diagnosed with those diseases where the nature of the
relationship is at least known. Next, obtaining meaningful
results from large-scale disease-association studies usually
depends on the accuracy and completeness of information
recorded in an electronic medical record (EMR). Diagnosis
codes often subsume many conditions (e.g., congestive heart
failure), or are generic in nature (e.g., relate generally to
mitral valve disorders), so that they alone are not very reliable
indicators of the actual underlying disease. Additional diag-
nosis inferences must be made from the clinical information
recorded in EMR such as in textual reports or using multiple
sources of evidence for a disease such as through medications
prescribed. Extracting such information from free text in
textual reports using natural language processing techniques
has only met with limited success. Finally, the choice of the
data mining algorithm can also affect the co-morbidities that
can be discovered.

Popular association mining methods, such as a priori meth-
ods, can generate many spurious associations as they exhaus-
tively search through combinations. Methods that count pri-
marily the frequency of co-occurrences of diseases can
sometimes lead to incorrect causative inferences, such as
those for diseases that persist in time and are common across
many patients, e.g., hypertension. Attempts to handle a time-
varying nature of relationships in data mining methods has
also been limited in using discrete interval combinations.

BRIEF SUMMARY

Embodiments of the invention relate to arrangements for
ascertaining time-dependent associations between inputted
comparative effectiveness research (CER) variables from
patient data are. In one aspect of the invention, each CER
variable is represented via at least one unit time series, and a
similarity metric with respect to pairs of CER variables is
determined. The determining includes comparing at least one
unit time series from each of at least two CER variables.

For a better understanding of exemplary embodiments of
the invention, together with other and further features and
advantages thereof, reference is made to the following
description, taken in conjunction with the accompanying
drawings, and the scope of the claimed embodiments of the
invention will be pointed out in the appended claims.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 illustrates a per-patient longitudinal clinical history
timeline.
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FIG. 2 illustrates a unit time-series model derived from the
clinical history timeline of FIG. 1.

FIG. 3 sets forth ranked disease co-morbidity associations
relating to mitral stenosis, by way of a working example.

FIG. 4 sets forth a process more generally for ascertaining
time-dependent associations.

FIG. 5 illustrates a computer system.

DETAILED DESCRIPTION

It will be readily understood that the components of the
embodiments of the invention, as generally described and
illustrated in the figures herein, may be arranged and designed
in a wide variety of different configurations in addition to the
described exemplary embodiments. Thus, the following more
detailed description of the embodiments of the invention, as
represented in the figures, is not intended to limit the scope of
the embodiments of the invention, as claimed, but is merely
representative of exemplary embodiments of the invention.

Reference throughout this specification to “one embodi-
ment” or “an embodiment™ (or the like) means that a particu-
lar feature, structure, or characteristic described in connec-
tion with the embodiment is included in at least one
embodiment of the invention. Thus, appearances of the
phrases “in one embodiment” or “in an embodiment” or the
like in various places throughout this specification are not
necessarily all referring to the same embodiment.

Furthermore, the described features, structures, or charac-
teristics may be combined in any suitable manner in at least
one embodiment. In the following description, numerous spe-
cific details are provided to give a thorough understanding of
embodiments of the invention. One skilled in the relevant art
may well recognize, however, that the various embodiments
of the invention can be practiced without at least one of the
specific details thereof, or can be practiced with other meth-
ods, components, materials, et cetera. In other instances,
well-known structures, materials, or operations are not shown
or described in detail to avoid obscuring aspects of the inven-
tion.

The description now turns to the figures. The illustrated
embodiments of the invention will be best understood by
reference to the figures. The following description is intended
only by way of example and simply illustrates certain selected
exemplary embodiments of the invention as claimed herein.

It should be noted that the flowchart and block diagrams in
the figures illustrate the architecture, functionality, and opera-
tion of possible implementations of systems, apparatuses,
methods and computer program products according to vari-
ous embodiments of the invention. In this regard, each block
in the flowchart or block diagrams may represent a module,
segment, or portion of code, which comprises at least one
executable instruction for implementing the specified logical
function(s). It should also be noted that, in some alternative
implementations, the functions noted in the block may occur
out of the order noted in the figures. For example, two blocks
shown in succession may, in fact, be executed substantially
concurrently, or the blocks may sometimes be executed in the
reverse order, depending upon the functionality involved. It
will also be noted that each block of the block diagrams
and/or flowchart illustration, and combinations of blocks in
the block diagrams and/or flowchart illustration, can be
implemented by special purpose hardware-based systems
that perform the specified functions or acts, or combinations
of special purpose hardware and computer instructions.

Specific reference will now be made herebelow to FIGS.
1-3. It should be appreciated that the processes, arrangements
and products broadly illustrated therein can be carried out on,
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or in accordance with, essentially any suitable computer sys-
tem or set of computer systems, which may, by way of an
illustrative and non-restrictive example, include a system or
server such as that indicated at 12' in FIG. 5. In accordance
with an example embodiment, most if not all of the process
steps, components and outputs discussed with respect to
FIGS.1-3 can be performed or utilized by way of'a processing
unit or units and system memory such as those indicated,
respectively, at 16' and 28' in FIG. 5, whether on a server
computer, a client computer, a node computer in a distributed
network, or any combination thereof.

To facilitate easier reference, in advancing from FIG. 1 to
and through FIG. 3, a reference numeral is advanced by a
multiple of 100 in indicating a substantially similar or analo-
gous component or element with respect to at least one com-
ponent or element found in at least one earlier figure among
FIGS. 1-3.

Broadly contemplated herein, in accordance with at least
one embodiment of the invention, are methods and arrange-
ments for discovering meaningful co-morbidity associations
between comparative effectiveness research (CER) variables
using time-varying data modeling. The CER variables could
be of various types such as symptoms, diseases, medications,
other treatments, and outcome. Specifically, there is contem-
plated herein a longitudinal patient model to address the
different types of co-morbidities (causal, co-occurring, etc.).
For this, CER variables are represented as a two-dimensional
function of variable per patient over time.

To accurately reflect the conditions in a model according to
at least one embodiment of the invention, it is assumed that
feature extraction modules exist to extract the CER variables
from patient data (e.g., which could involve disease label
extraction from cardiology reports, by way of an illustrative
example). The salient co-morbidities between CER variables
are discovered using a search-based ranking framework. For
this, there is employed herein a similarity metric per pair of
diseases as a functional correlation of the corresponding time
series normalized over the patient population. The correlation
takes into account both the presence and lack of overlap
between the disease time series as well as the time shift
needed for causative dependencies. The similarity metric is
used to produce a ranked list of correlations per CER variable.
Thus a search-based framework is used to discover the asso-
ciation in contrast to traditional data mining methods based
on statistical inference.

In accordance with at least one embodiment of the inven-
tion, it can be assumed that all relevant clinical features rep-
resenting comparative effectiveness variables can be
extracted from clinical records to populate a longitudinal
patient model. Generally, if the original data are in structured
form in, e.g., relational databases, then this information can
be obtained straightforwardly using JDBC (Java database
connectivity) interfaces to databases and making SQL que-
ries. If the data are in unstructured form, then a suitable
vocabulary-driven text mining method can be utilized to
extract the comparative effectiveness research variables.

As such, in accordance with at least one embodiment of the
invention, using the available data from an EMR system, the
patient data can be organized on a year-by-year basis in a
timeline such as the one shown in FIG. 1. Here, the horizontal
axis 101 represents time broken into quarter (three-month)
resolution within years (103). The vertical axis 105 shows
important CER variables. By way of an illustrative example,
such variables can include gender 107, age 109 (here shown
as ranging from 66 to 70), diseases 111 (here including aortic
valve disorders and mitral stenosis), medications 113 (here
including furosemide, acetaminophen, warfarin, famotidine
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and atenolol) and weight 115 (here shown as ranging from
124 to 128 kilos at different times). Some of these variables
are constant (e.g., gender), some are binary (e.g., “yes” or
“no”), such as taking or not taking a medication or being
diagnosed with a disease, while others are quantized (such as
disease severity levels) or continuously changing (such as
increasing age).

In accordance with at least one embodiment of the inven-
tion, the time period of applicability of CER variable values,
with respect to each value involved, can be represented by a
unit time series as shown in FIG. 2. Here, the longitudinal
clinical history timeline of FIG. 1 has been rendered as a set
of unit time series, wherein each time series is “turned on”, in
binary fashion, for the stated values at the corresponding
points in time. Thus, the gender (2077) is seen as a constant
function, while the time period of applicability of an age
(2097), a disease label (211¢), a course of medication (213¢)
and weight (215¢) is captured by a corresponding unit time
series that is turned on during the applicability period.

More formally, in accordance with at least one embodi-
ment of the invention, let the CER variables such as those
depicted in FIG. 1 be denoted by V,,V,, ...V, Letthe setof
values taken by a variable V, be denoted by v,;, v,5, .. . vy A
longitudinal patient model (LPM) is then denoted by a set of
unit time series as

LPM(P) = (9]

i, D1 Spvi, 1) > 0 for some 1, Tpin(P) < 1 < T (P)}
where

if a value of vy, is recorded for CER
variable V; for patient P at time t

Sp(vig, ) ={

Ootenvise

For example, if a diagnosis of ‘cardiomyopathy’ for the vari-
able ‘disease’ persisted for a patient between the period (t,,
t,), there will result:

1l n=<i=n

2)
Sp(Vdisease,cardiomyopathy» T) = 0 otherwise

In accordance with at least one embodiment of the inven-
tion, the disclosure now turns to an algorithm for ranking
associations between CER variables. Consider two variables
(V;, V), and their possible values. (v, v;;) As an example, a
specific disease-drug association could be expressed as (V,,
V )=(disease, drug) and (v, v,)=(mitral stenosis, warfarin).
Then, the association between values (v, v;;) for a patient P
overatimespan (T, (P),T,, . .(P))is given by the normalized
cross-correlation of their associated unit time series as

Tonax(P)

Sp(vie, D#Sp(Vy, 1+7)

=Topin (P)
Tinax(P)

Sp(vig, 1) +
1

®

Rp(vij, Vg, T) = T
max

)
> Spv, 1+71)

=Tinin

=T,

min

Where 0<t=<0 are the possible time shifts between the two
functions. These shifts account for those cases where a drug is
taken subsequent to a diagnosis, or a disease is developed
following the diagnosis of a disease recorded earlier. This



US 9,165,115 B2

5

parameter is bounded to disallow far apart associations which
could often by due to random chance.

In accordance with at least one embodiment of the inven-
tion, the shift with the maximum correlation is then given by

)

Rp(vi, vjr) = mraX{RP(Vika Vi, T}
Summing these values over all N patients, the result is then:

1 N (5)
Clvy, vi) = ¥ *[Z Rp(vit, le)]
=

By ordering the values of C(v,, v,), a ranked list of co-
associations is obtained. By restricting the value of T, differ-
ent types of associations can be modeled. For example, co-
occurrences could be handled by making t=0, positive value
of't could explore causal relationships, while negative values
of't could explore clinical history dependencies and prior risk
factors.

By way of a working example, in accordance with at least
one embodiment of the invention, CER variables in the form
of disease-disease associations and disease-drug associations
can be considered. Disease labels for patients can be obtained
from a variety of sources including billing codes, significant
problems, and diagnosis labels derived from cardiac reports,
and medications can be obtained directly from a medication
history database. Using an enhanced disease label set, and
mapping it back to a respective patient’s time line, can yield
a time unit series as shown in FIG. 2. Starting from each
disease label, label, a ranked list of disease co-morbidities is
found using the algorithm described hereinabove with respect
to equations (3), (4) and (5). As such, FIG. 3 illustrates a table
of ranked correlations 317 by way of a possible result of
finding disease co-morbidities for the disease label “mitral
stenosis” and “hypertension”. The values in the first two
columns represent correlation score and diagnosis code (in
this case, ICD-9 code, i.e., a code as derived from the Inter-
national Statistical Classification of Diseases and Related
Health Problems). Among the matches seen for mitral steno-
sis are atrial fibrillation, a common known co-occurrence, as
well as hyperlipidemia.

To illustrate the power of time-varying interval modeling
for disease associations, an algorithm as broadly contem-
plated herein was compared with a more straightforward
approach where only the frequency of co-occurrence is taken
into account independent of time. To judge the difference in
performance, there was conducted a user study in which 12
cardiac diseases were selected for co-morbidity association
finding. Each algorithm generated a top K list (K=10) which
was then merged to create a new top K list (after removing
redundancies). This “anonymized” merged list was given to
three cardiologists for evaluation. For each entry in the ranked
list, the cardiologists had to rate an entry as a co-morbidity, a
directly-related disease (physiologically), a demographi-
cally-correlated disease, or an unrelated disease. The gold
standard was based on the pulled ground truth method, i.e., it
was derived by combining the first three co-morbidity col-
umns from the three experts. Mean average precision (MAP)
was used as the evaluation measure. Precision measures the
fraction of relevant co-morbidities found, while the mean
average precision emphasizes more relevant matches at
higher ranks as given by the formula:
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N
> (Pryxrelr)
r=1

AveP =

number of relevant documents

The co-morbidity associations were examined for 123 dis-
ease codes (for which at least 40 patients sample was avail-
able). The results of the analysis showed that a method in
accordance with at least one embodiment of the invention
finds co-morbidities with a higher MAP 0f0.16, indicating at
least a 32% relative improvement in bringing up more rel-
evant matches.

In accordance with at least one embodiment of the inven-
tion, it can be readily understood and appreciated that co-
morbidities, as articulated in via comparative effectiveness
research variables, can be applied across different modalities.
Thus, not only can diseases be compared to diseases, but they
can also be compared to medications, laboratory results and
other factors.

In accordance with at least one embodiment of the inven-
tion, ranked correlations, as discussed hereinabove, can
undergo a thresholding step such that correlations above a
predetermined quantitative thresholds can be considered
“significant”. This threshold can be set in essentially any
manner deemed suitable.

From the foregoing it can and should be readily appreciated
that, in accordance with at least one embodiment of the inven-
tion, methods and arrangements such as those broadly dis-
cussed and contemplated herein can be employed in deter-
mining relevant clinical studies, thus presenting themselves
as a noteworthy, viable example of using data mining in
developing clinical studies.

FIG. 4 sets forth a process more generally for ascertaining
time-dependent associations, in accordance with at least one
embodiment of the invention. It should be appreciated that a
process such as that broadly illustrated in FIG. 4 can be
carried out on essentially any suitable computer system or set
of computer systems, which may, by way of an illustrative and
non-restrictive example, include a system such as that indi-
cated at 12'in FIG. 5. In accordance with an example embodi-
ment, most if not all of the process steps discussed with
respect to FIG. 4 can be performed by way a processing unit
or units and system memory such as those indicated, respec-
tively, at 16' and 28' in FIG. 5.

As shown in FIG. 4, comparative effectiveness research
(CER) variables from patient data are inputted (402). Each
CER variable is represented via at least one unit time series
(404), and a similarity metric with respect to pairs of CER
variables is determined (406). The determining includes com-
paring at least one unit time series from each of at least two
CER variables (408).

Referring now to FIG. 5, a schematic of an example of a
cloud computing node is shown. Cloud computing node 10' is
only one example of a suitable cloud computing node and is
not intended to suggest any limitation as to the scope ofuse or
functionality of embodiments of the invention described
herein. Regardless, cloud computing node 10" is capable of
being implemented and/or performing any of the functional-
ity set forth hereinabove. In accordance with embodiments of
the invention, computing node 10' may not necessarily even
be part of a cloud network but instead could be part of another
type of distributed or other network, or could represent a
stand-alone node. For the purposes of discussion and illustra-
tion, however, node 10' is variously referred to herein as a
“cloud computing node”.
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In cloud computing node 10' there is a computer system/
server 12', which is operational with numerous other general
purpose or special purpose computing system environments
or configurations. Examples of well-known computing sys-
tems, environments, and/or configurations that may be suit-
able for use with computer system/server 12' include, but are
not limited to, personal computer systems, server computer
systems, thin clients, thick clients, hand-held or laptop
devices, multiprocessor systems, microprocessor-based sys-
tems, set top boxes, programmable consumer electronics,
network PCs, minicomputer systems, mainframe computer
systems, and distributed cloud computing environments that
include any of the above systems or devices, and the like.

Computer system/server 12' may be described in the gen-
eral context of computer system-executable instructions,
such as program modules, being executed by a computer
system. Generally, program modules may include routines,
programs, objects, components, logic, data structures, and so
on that perform particular tasks or implement particular
abstract data types. Computer system/server 12' may be prac-
ticed in distributed cloud computing environments where
tasks are performed by remote processing devices that are
linked through a communications network. In a distributed
cloud computing environment, program modules may be
located in both local and remote computer system storage
media including memory storage devices.

As shown in FIG. 5, computer system/server 12' in cloud
computing node 10 is shown in the form of a general-purpose
computing device. The components of computer system/
server 12' may include, but are not limited to, at least one
processor or processing unit 16', a system memory 28', and a
bus 18' that couples various system components including
system memory 28' to processor 16'.

(do we really need to spell these architectures out? The
algorithm can be implemented on any SISD, or SIMD
machine)

Bus 18' represents at least one of any of several types of bus
structures, including a memory bus or memory controller, a
peripheral bus, an accelerated graphics port, and a processor
orlocal bus using any of a variety of bus architectures. By way
of example, and not limitation, such architectures include
Industry Standard Architecture (ISA) bus, Micro Channel
Architecture (MCA) bus, Enhanced ISA (EISA) bus, Video
Electronics Standards Association (VESA) local bus, and
Peripheral Component Interconnects (PCI) bus.

Computer system/server 12' typically includes a variety of
computer system readable media. Such media may be any
available media that are accessible by computer system/
server 12', and includes both volatile and non-volatile media,
removable and non-removable media.

System memory 28' can include computer system readable
media in the form of volatile memory, such as random access
memory (RAM) 30' and/or cache memory 32'. Computer
system/server 12' may further include other removable/non-
removable, volatile/non-volatile computer system storage
media. By way of example only, storage system 34' can be
provided for reading from and writing to a non-removable,
non-volatile magnetic media (not shown and typically called
a“hard drive”). Although not shown, a magnetic disk drive for
reading from and writing to a removable, non-volatile mag-
netic disk (e.g., a “floppy disk™), and an optical disk drive for
reading from or writing to a removable, non-volatile optical
disk such as a CD-ROM, DVD-ROM or other optical media
can be provided. In such instances, each can be connected to
bus 18' by at least one data media interface. As will be further
depicted and described below, memory 28' may include at
least one program product having a set (e.g., at least one) of

25

35

40

45

50

55

8

program modules that are configured to carry out the func-
tions of embodiments of the invention.

Program/utility 40', having a set (at least one) of program
modules 42', may be stored in memory 28' (by way of
example, and not limitation), as well as an operating system,
at least one application program, other program modules, and
program data. Each of the operating systems, at least one
application program, other program modules, and program
data or some combination thereof, may include an implemen-
tation of a networking environment. Program modules 42'
generally carry out the functions and/or methodologies of
embodiments of the invention as described herein.

Computer system/server 12' may also communicate with at
least one external device 14' such as a keyboard, a pointing
device, a display 24/, etc.; at least one device that enables a
user to interact with computer system/server 12'; and/or any
devices (e.g., network card, modem, etc.) that enable com-
puter systeny/server 12' to communicate with at least one
other computing device. Such communication can occur via
1/O interfaces 22'. Still yet, computer system/server 12' can
communicate with at least one network such as a local area
network (LAN), a general wide area network (WAN), and/or
a public network (e.g., the Internet) via network adapter 20'.
As depicted, network adapter 20' communicates with the
other components of computer system/server 12' via bus 18'.
It should be understood that although not shown, other hard-
ware and/or software components could be used in conjunc-
tion with computer system/server 12'. Examples, include, but
are not limited to: microcode, device drivers, redundant pro-
cessing units, external disk drive arrays, RAID systems, tape
drives, and data archival storage systems, etc.

It should be noted that aspects of the invention may be
embodied as a system, method or computer program product.
Accordingly, aspects of the invention may take the form of an
entirely hardware embodiment, an entirely software embodi-
ment (including firmware, resident software, micro-code,
etc.) or an embodiment combining software and hardware
aspects that may all generally be referred to herein as a “cir-
cuit,” “module” or “system.” Furthermore, aspects of the
invention may take the form of a computer program product
embodied in at least one computer readable medium having
computer readable program code embodied thereon.

Any combination of one or more computer readable media
may be utilized. The computer readable medium may be a
computer readable signal medium or a computer readable
storage medium. A computer readable storage medium may
be, for example, but not limited to, an electronic, magnetic,
optical, electromagnetic, infrared, or semiconductor system,
apparatus, or device, or any suitable combination of the fore-
going. More specific examples (a non-exhaustive list) of the
computer readable storage medium would include the follow-
ing: an electrical connection having at least one wire, a por-
table computer diskette, a hard disk, a random access memory
(RAM), a read-only memory (ROM), an erasable program-
mable read-only memory (EPROM or Flash memory), an
optical fiber, a portable compact disc read-only memory (CD-
ROM), an optical storage device, a magnetic storage device,
orany suitable combination of the foregoing. In the context of
this document, a computer readable storage medium may be
any tangible medium that can contain, or store, a program for
use by, or in connection with, an instruction execution system,
apparatus, or device.

A computer readable signal medium may include a propa-
gated data signal with computer readable program code
embodied therein, for example, in baseband or as part of a
carrier wave. Such a propagated signal may take any of a
variety of forms, including, but not limited to, electro-mag-
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netic, optical, or any suitable combination thereof. A com-
puter readable signal medium may be any computer readable
medium that is not a computer readable storage medium and
that can communicate, propagate, or transport a program for
use by or in connection with an instruction execution system,
apparatus, or device.

Program code embodied on a computer readable medium
may be transmitted using any appropriate medium, including
but not limited to wireless, wire line, optical fiber cable, RF,
etc., or any suitable combination of the foregoing.

Computer program code for carrying out operations for
aspects of the invention may be written in any combination of
at least one programming language, including an object ori-
ented programming language such as Java®, Smalltalk, C++
or the like and conventional procedural programming lan-
guages, such as the “C” programming language or similar
programming languages. The program code may execute
entirely on the user’s computer (device), partly on the user’s
computer, as a stand-alone software package, partly on the
user’s computer and partly on a remote computer, or entirely
on the remote computer or server. In the latter scenario, the
remote computer may be connected to the user’s computer
through any type of network, including a local area network
(LAN) or a wide area network (WAN), or the connection may
be made to an external computer (for example, through the
Internet using an Internet Service Provider).

Aspects of the invention are described herein with refer-
ence to flowchart illustrations and/or block diagrams of meth-
ods, apparatus (systems) and computer program products. It
will be understood that each block of the flowchart illustra-
tions and/or block diagrams, and combinations of blocks in
the flowchart illustrations and/or block diagrams, can be
implemented by computer program instructions. These com-
puter program instructions may be provided to a processor of
a general purpose computer, special purpose computer, or
other programmable data processing apparatus to produce a
machine, such that the instructions, which execute via the
processor of the computer or other programmable data pro-
cessing apparatus, create means for implementing the func-
tions/acts specified in the flowchart and/or block diagram
block or blocks.

These computer program instructions may also be stored in
a computer readable medium that can direct a computer, other
programmable data processing apparatus, or other devices to
function in a particular manner, such that the instructions
stored in the computer readable medium produce an article of
manufacture. Such an article of manufacture can include
instructions which implement the function/act specified in the
flowchart and/or block diagram block or blocks.

The computer program instructions may also be loaded
onto a computer, other programmable data processing appa-
ratus, or other devices to cause a series of operational steps to
be performed on the computer, other programmable appara-
tus or other devices to produce a computer implemented
process such that the instructions which execute on the com-
puter or other programmable apparatus provide processes for
implementing the functions/acts specified in the flowchart
and/or block diagram block or blocks.

This disclosure has been presented for purposes of illus-
tration and description but is not intended to be exhaustive or
limiting. Many modifications and variations will be apparent
to those of ordinary skill in the art. The embodiments were
chosen and described in order to explain principles and prac-
tical application, and to enable others of ordinary skill in the
artto understand the disclosure for various embodiments with
various modifications as are suited to the particular use con-
templated.
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Although illustrative embodiments of the invention have
been described herein with reference to the accompanying
drawings, it is to be understood that the embodiments of the
invention are not limited to those precise embodiments, and
that various other changes and modifications may be affected
therein by one skilled in the art without departing from the
scope or spirit of the disclosure.

What is claimed is:

1. A method comprising:

inputting comparative effectiveness research variables
from patient data;

representing each comparative effectiveness research vari-
able with at least one unit time series;

wherein each of the at least one unit time series corre-
sponds to a binary expression of a single value; and

determining a similarity metric with respect to pairs of
comparative effectiveness research variables, said deter-
mining comprising comparing at least one unit time
series from each of at least two comparative effective-
ness research variables.

2. The method according to claim 1, wherein the similarity
metric represents a functional correlation of compared unit
time series, normalized over a patient population.

3. The method according to claim 2, wherein the functional
correlation represents a degree of overlap between compared
unit time series.

4. The method according to claim 2, wherein the functional
correlation considers at least one time shift representative of
a causative dependency.

5. The method according to claim 1, comprising generating
a ranked list of correlations per comparative effectiveness
research variable.

6. The method according to claim 1, wherein the compara-
tive effectiveness research variables include at least one dis-
ease.

7. The method according to claim 6, wherein the compara-
tive effectiveness research variables include at least two dis-
eases.

8. The method according to claim 6, wherein the compara-
tive effectiveness research variables include at least one
medication.

9. The method according to claim 6, wherein the compara-
tive effectiveness research variables include at least one
member taken from the group consisting of: patient age,
patient weight, patient gender.

10. A system comprising:

at least one processor;

a storage module; and

a computer program resident in said system for executing:

inputting comparative effectiveness research variables
from patient data;

representing each comparative effectiveness research vari-
able via at least one unit time series;

wherein each of the at least one unit time series corre-
sponds to a binary expression of a single value; and

determining a similarity metric with respect to pairs of
comparative effectiveness research variables; and

comparing at least one unit time series from each of at least
two comparative effectiveness research variables.

11. A computer program product comprising:

a non-transitory computer readable storage medium hav-
ing computer readable program code embodied there-
with, said computer readable program code being
executable by a computer to:

input comparative effectiveness research variables from
patient data;
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represent each comparative effectiveness research variable

via at least one unit time series;

wherein each of the at least one unit time series corre-

sponds to a binary expression of a single value; and
determine a similarity metric with respect to pairs of com-
parative effectiveness research variables; and

compare at least one unit time series from each of at least

two comparative effectiveness research variables.

12. The computer program product according to claim 11,
wherein the similarity metric represents a functional correla-
tion of compared unit time series, normalized over a patient
population.

13. The computer program product according to claim 12,
wherein the functional correlation represents a degree of
overlap between compared unit time series.

14. The computer program product according to claim 12,
wherein the functional correlation considers at least one time
shift representative of a causative dependency.

15. The computer program product according to claim 11,
wherein said computer readable program code is further
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executable by the computer to generate a ranked list of cor-
relations per comparative effectiveness research variable.

16. The computer program product according to claim 11,
wherein the comparative effectiveness research variables
include at least one disease.

17. The computer program product according to claim 16,
wherein the comparative effectiveness research variables
include at least two diseases.

18. The computer program product according to claim 16,
wherein the comparative effectiveness research variables
include at least one medication.

19. The computer program product according to claim 16,
wherein the comparative effectiveness research variables
include at least one member taken from the group consisting
of: patient age, patient weight, patient gender.

20. The computer program product according to claim 16,
wherein the comparative effectiveness research variables
include laboratory results.
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